Shot noise measurements have proven to be useful in providing information on the fundamental conduction mechanisms in mesoscopic conductors [1] . For example, shot noise has been utilized to determine the effective charge of quasiparticles in fractional quantum Hall systems [2, 3] . In multiterminal conductors, current-current crosscorrelations have been employed for investigating the fermionic nature of charge carriers [4, 5] . Also in singlewalled carbon nanotubes (SWNT), noise is expected to be a valuable tool for studying the physics of charged elementary excitations [6 -13] .
Liang et al. in Ref. [14] have shown that SWNTs may act as waveguides for electronic transport. They employed a scattering matrix approach to show that the results could be understood in terms of Fabry-Perot (FP) type of interference in which reflection at the contacts played a crucial role [14, 15] . Shot noise in the FP regime was recently studied at 4.2 K by Kim et al. [12] who found power law dependence at low bias voltages as well as oscillations at larger bias. These findings were assigned to Luttingerliquid behavior of SWNTs.
We have measured shot noise and ac conductance in a SWNT sample which displays a rather asymmetric FabryPerot resonance pattern. The interference pattern has a strong modulation, mostly dominated by a single mode: the contribution from the second is only about 0:1 2e 2 =h. We find a strong modulation of noise over the FP pattern which we characterize in terms of a differential Fano-factor F d . The resonance condition is reflected as a strong suppression of shot noise with F d ' 0:4 while the destructive interference yields F d ' 1:2. We find the variation of Fano-factor stronger than expected for a regular quantum conductor model with energy-dependent transmission coefficients. Our results, reported here up to energies of 10 meV (2 times the level spacing), do not reflect Luttinger-liquid physics, but they can be understood qualitatively within the framework interacting coherent conductor model [16] .
The current in a quantum dot can be expressed in terms of the energy dependent transmission coefficient
Vd, where i ; V denotes the transmission coefficient of spin-degenerate mode i and we assume that the voltage is applied to one terminal only. For differential conductance G d , this yields
In the case of noninteracting electrons, ; V is voltage independent and Eq. (1) reduces to dI=dV G 0 P N i1 i eV with G 0 2e 2 =h. The low-frequency shot noise is given by
where It It ÿ hIti at voltage V, and the currentcurrent correlator reduces to the latter form in the absence of interactions. By combining Eqs. (1) and (2) we may define the differential Fano factor as
This is a quantity that we probe in our sensitive noise measurements based on lock-in detection on modulated noise signal. In the above formulas, it is assumed that eV k B T. In the crossover regime with eV k B T, one may write for the excess noise, the difference of current noise and thermal noise
where S0 specifies the noise at zero bias, R0 V=I in the limit V ! 0, F denotes the Fano-factor (F 0 at V 0) and K R0=V=I accounts for the nonlinearities of the I-V curve. The left side can be identified as [17] ; at large V k B T=e,F is equivalent to F in Eq. (4).
In the nonlinear regime, noise measurements are sensitive to changes in the sample resistance. For our setup, where a sample having a dynamic resistance of R d is connected to a preamplifier with impedance R L 50 (see Fig. 2 inset for the equivalent circuit), we may derive
which relates the measured, gain-adjusted noise power variation
The second term on the right describes the first order correction in measured shot noise due to changes in R d while the third term takes into account corrections caused by the total system noise due to nonlinearities; i.e., i 2 n marks the full noise at the operating point, including the preamplifier noise. The calibrated gain G cal remains fixed within the factor 1
, where R T denotes the resistance of the tunnel junction employed in the calibration.
In our measurement setup, bias tees are used to separate dc bias and the bias-dependent noise signal at microwave frequencies. We use a liquid-helium-cooled low-noise amplifier (LNA) [18] with operating frequency range of f 600-950 MHz. The noise signal is band limited to 600 -850 MHz in order to avoid pickup from mobile phones working at 940 MHz despite a Faraday cage. After amplification of 80 dB, the signal was detected by a zero-bias Schottky diode with 0:5 mV=W. For calibration purposes, we use a microwave switch that connects the amplifier chain either to a nanotube sample or to a tunnel junction. For details we refer to Ref. [19] . Noise was measured using three different methods (in the order of increasing sensitivity): (i) noise at dc current, (ii) lock-in detection of noise using sine-wave modulation of current, I I DC I sin!t, where I DC I, (iii) current modulation by square-wave t, I I DC I m t=t 0 , where I DC I m =2. The calibration constants for each scheme were measured making similar experiments on a tunnel junction sample of a resistance of R T 22 k. The data reported in this Letter are mostly measured using method (ii). Data obtained using method (iii) agreed well with those measured with method (ii), but the implementation of the nonlinearity corrections turned out to be more problematic for method (iii) than for (ii). In addition to the above measurement schemes, we also performed experiments along method (ii) where the dc bias was kept at zero and the noise modulation was measured at frequency 2! while having the excitation at !. By extrapolating the results of this method to I 0, we obtain the ''zero-bias'' Fano factor. In the corrections using Eq. (5) Our nanotube sample was made using surface chemical vapor-deposition (CVD) growth with Fe catalyst. The length was L 0:7 m and the diameter 2 nm. The contacts on the nanotube were made using standard e-beam overlay lithography. In the contacts, 10 nm of Ti was employed as a sticking layer before depositing 70 nm of Al, followed by 5 nm of Ti. The width of the two contacts was 200 nm and the separation between the them was 0:3 m. The strongly doped silicon substrate was employed as a back gate, separated from the sample by 100 nm of SiO 2 .
A scan of differential conductance G d dI dV is displayed in Fig. 1 . Clear maxima or minima in G d with gate modulation are observed at zero bias, but no characteristic features of odd or even effects that are found in the Kondo regime of carbon nanotubes [20] . Therefore, we conclude that the pattern is due to FP interference even though it appears more asymmetrically-striped than observed typically [13, 14] . The maximum G d is only about 1:0G 0 2e
2 =h which indicates a rather weak coupling to one of the orbital modes of our nanotube sample. The contrast of the fringes is clearly stronger than 10%-30% found in Ref. [14] . This may be connected with the fact that in our sample we are dealing mostly with interference within one mode.
To reach the Fabry-Perot regime, the quality of contacts has to be good [14] . This was investigated by making a separate cooldown to 60 mK. No obvious change was observed in the G d V; V g pattern, indicating that ''oddeven'' Kondo features do not appear even at dilution refrigerator temperatures. In this 2nd cooldown, strong proximity-induced supercurrent was observed in the nano- tube, which is another indication that the quality of the contacts is sufficient for the FP resonances. Furthermore, in our third cooldown, we were able to observe Kondo-type features. Such a change in the contacts is understandable as cooldowns produce strain that may alter the contact configuration by a tiny amount.
Shot noise data (excess noise SI ÿ S0) using small voltage bias V 0:1-10 mV at V g 0:04 V are displayed in Fig. 2 . The data can be fitted using an apparent power law SI ÿ S0 / V with 1:7. This is clearly larger than the exponent 0:64 found in Ref. [12] at V 0:1-10 mV, also at 4.2 K. In Fig. 2 , our data are compared with the crossover formula of Eq. (4) using a Fano factor F 0:65, together with the experimentally measured (voltage-dependent) ratio for K. The measured Fano factor is not exactly constant but, nevertheless, there is a good agreement between the measured data and Eq. (4). Thus, in contrast to Ref. [12] , we have to conclude that Luttinger-liquid behavior is not necessary to explain the power law dependence in our data.
The measured data [using method (II)] on differential Fano-factor are displayed in Fig. 3 . The picture reflects, more or less, the pattern of G d in Fig. 1 : ridges of large (small) F d follow the ridges of small (large) G d , similar to behavior in noninteracting, one mode conductor. The swing of F d , however, exceeds 1, which is the upper limit in Landauer-Buttiker type of formalism for quantum dots and quantum point contacts. At V g 0, we checked the low bias Fano-factor by measuring noise at 2! and varied the ac-modulation without any dc component. We obtained F 0:6 0:2 as the modulation I ! 0, which coincides with a smooth continuation of the data in Fig. 3 .
In Fig. 4 , we interrelate the measured noise and conductance from Figs. 1 and 3 as suggested by Eqs. (1) and (3) . At V ÿ6:2 mV in Fig. 4(a) ,F does not display any oscillations as a function of gate voltage, only gradual large scale variation. The relation betweenF and G I=V, displayed in Fig. 4(b) , appears linear. At other bias values, this dependence is similar to that of the differential quantities displayed in Fig. 4(c) . The linear relation betweenF and G I=V can be explained using both interacting and noninteracting electron theory [21] . For F d , however, the noninteracting theory does not work. The dependence of F d and G d on V g is found oscillatory with a small relative phase shift, which leads to ellipses in parametrically plotted curves of Fig. 4(c) . At V > 0, the relations between noise and conductance are similar, including unchanged rotation direction in the parametrically plotted ellipses.
To test in more detail the validity of the LandauerButtiker theory, we have made a comparison by assuming two-beam interference so that the transmission coefficients in the FP regime can be parametrized by
where i 1 or 2 is the number of the mode, i denotes the average value of their transmission, m i gives the modulation depth of i , and ' 1 ÿ ' 2 specifies the relative phase difference of the transmission modulation. This form yields the interference-induced modulation of transmission coefficients along V g and V axes with periods V g and V, respectively. For the FP resonance, one may write
@v F e k, which relates the change in the k vectors of the modes to the shift of chemical potential by gate voltage; C and C g denote the total and gate capacitances, respectively, and v F is the Fermi velocity. The curve in Fig. 4 illustrates the result of a calculation for e F and F d using Eqs. (2) and (3) Fig. 4 , however, falls clearly short of the width of the measured, parametrically plotted ellipse. In addition, the average F d is clearly above the average value from the noninteracting theory. These observations we assign to interaction effects that would lead to explicit bias voltage dependence of the transmission coefficients in Eq. (6). Our observations are consistent with the calculations of Golubev et al. [16] who obtain an increase of the Fano factor in an interacting coherent conductor when transmission is large. In addition, the influence of Coulomb correlations on resonant tunneling has been investigated in Refs. [23, 24] . It has been shown that positive correlations between tunneling events (bunching of carriers with enhanced F) may be generated if the tunneling events bring the system towards a state with larger conductance, and likewise for negative correlations if G becomes lowered. This noise modulation mechanism would agree with the enhanced width of the parametrically plotted F d vs G d ellipse and, if the conduction is due to holes, it would also fit the direction of rotation.
In summary, using conductance and shot noise measurements, we have obtained evidence for quite asymmetric Fabry-Perot resonances in SWNTs. The Fano as well as the differential Fano factor, ranging between 0.4 -0.9 and 0.4 -1.2, respectively, were found to depend on conductance either in linear or oscillatory fashion. We performed analysis of our results using energy-dependent transmission coefficients, taking carefully in to account the effects due to nonlinear I-V curves. The measured variation in the differential Fano factor is larger than expected from the Landauer-Buttiker formalism, which indicates additional correlations, both positive and negative, due to electronelectron interactions.
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